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THE CEREBEAL BLOOD-VESSELS IN HEALTH AND
DISEASE.

BY PEOF. H. OBEBSTEINEB (VIENNA).

THE great progress which microscopical science has made in
the last ten years,—in which I include the method of harden-
ing, preserving, staining, &c, as also the improvement in the
optical part of instruments,—has taught us not only to know
more about the finer structures of animal tissues and their
elements, but has also revealed an increasing number of
changes, which denote the impress of a pathological condition.

Latterly certain sceptical and unprejudiced investigators
have undertaken to verify more exactly many of these so-
called pathological changes in the histological structure of
the tissues, to determine whether we really have to do with
abnormal morbid conditions.

The conditions found are as follows :—
1. We have a true pathological tissue change; or
2. We have to deal with changes due to the methods of

preparation (decomposition, hardening, &c.); or
3. The apparently morbid change is frequently found in

tissues quite healthy; or
4. Lastly, we may have to do with histological conditions

which are met with so constantly in normal organs, that in a
way they may be regarded as characteristic of healthy
structure.
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I consider it most essential to have some test of the true
value of the appearances seen by the microscope; the immense
array of material which has been collected must be properly
arranged, and many errors must be discarded.

I have, some time back,1 occupied myself with the relations
of the small vessels of the brain, to settle the boundary between
the normal and pathological vascular changes. In spite of
this, I have very frequently found that the occurrences of
vessels considered to be diseased, have afterwards been found
present, and never absent, in every healthy brain. It is to
be noticed that such a false explanation brings in its train a
series of false conclusions, and often in considerations of very
great importance.

I must here explain that the above-mentioned work is not
generally known to English readers, and I think it advisable
to bring before them in these pages some of the points in my
work, and the reader will pardon me if I occasionally repeat
what has been already published.

It is scarcely necessary for me to refer to the important
meaning which pertains to the blood-vessels of the central
nervous system. It should be assumed that the nervous
elements, and especially the ganglion cells, are more sensitive
than any other parts of the tissues to disturbances of their
normal nutrition. The anatomical and physiological entirety
of the blood-vessels is necessary chiefly for the normal function
of the organ of the central nervous system; and therefore it is
again evident how very important it is to distinguish between
the normal and morbid vascular changes.

In the following pages I shall not take account of the larger
vessels, which run outside the brain and spinal cord; but I
will confine myself to the smaller vessels, which are already
imbedded in the nerve substance.

Methods of investigation.

The best representation of the structure of the smaller
vessels of the brain is obtained when they are examined in the

1 'BeitrSge rar Pathologischen Anatomie de* Gehimgefliffle,' Wien. Med.
. Jfthrbuoher, 1877.
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fresh condition, and with the use of as little chemical reagents
as possible. I have made it the rule in every case, where a
diseased brain is in question, to make examination of the fresh
organ, that is of the small vessels, and I can very strongly
recommend this practice; for, after hardening has occurred.,
nothing much can be recognised. Pieces of brain or spinal
cord, not too small, must be macerated in a pale yellow
solution of bichromate of potash, for 24 hours (2-4 days will
not hurt). If the brain-substance be now coarsely separated
numerous vessels are found, which can be isolated (always
under water) by means of a couple of needles from the sur-
rounding nerve-substance. In this way preparations can
readily be made of the entire arterioles with their ramifications,
together with the beginning of the capillary network ; and it
can be so managed that the vessel is scarcely, or not at all,
damaged by the needle, if it be held firmly on the surrounding
nerve-tissue.

The prepared vessel can now be immediately examined in
water, or very weak salt-solution, and thereby most of the true
details of the structure can be recognised. If the edge of the
cover glass be surrounded with damar-lac, and care be taken
to do this thoroughly, the preparations can be kept-for a very
long time in water (I have kept some for'"ten years) without
any appreciable change (with a few solitary exceptions).

The preparations can be stained by aqueous solutions of
various dyes (carmine, picrocarmine, htematoxylin, aniline
dyes), and after rinsing in water, they are to be preserved in
the water as shown above.

The generally used fluids, glycerine, oil of cloves, &c,
are to be avoided, as they produce marked changes in the
vessels.

Certain pathological conditions—there are only a few—
should especially be studied in cut sections; for this purpose
the well-known methods of hardening are to be employed.

Structure of the normal vessels of the central nervow system.

1. Structures of the arteries.—If we examine the smallest
arterial vessels, we can distinguish four coats,.which I will
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describe, from inside out, as endothelium, membrana fenestrata,
tunica muscularis, and adventitial lymph-sheath.

(a.) The endothelium is a very delicate membrane (Fig. 1, a)
consisting of a simple layer of flattened cells; the ground
substance between the cells can be demonstrated by the usual
method with nitrate of silver. The nuclei of the endothelium-
cells, which become apparent after staining with carmine, are
an elongated oval in shape, or like a whetstone, and are
arranged with their long axes in the direction of the flow of
blood. In Fig. 1, where the other layers are present over the
endothelium, the cells of the latter are clearly to be made out
by the longitudinal arrangement of their nuclei. Nearly
always at the edge of the cell-nucleus is seen a strongly re-
fracting bright granule, which projects into the nucleus itself,
and the meaning of which is not yet explained.

The endothelium has a tendency to run into folds, when it
is detached from the other coats; it can be found beat (together
with the membrana fenestrata) by teasing with needles one of
the intra-cerebral arterioles, after they have been stained with
carmine. Th. Deecke* has observed, within the just described
endothelial flattened cells, yet another layer of cylindrical
cells, and he adds further, that the innermost layer of cylin-
drical epithelium disappears in the smaller branches, " which
have entered the brain-substance, and always after their first
division." - .

(b.) The membrana fenestrata, Fig. 1, b, contains no nuclear
or cellular constituents, but appears as a glassy, com-
pact, membrane, which always presents very sharp, clear,
longitudinal folds. When more highly magnified, numerous
small bright spots (or holes ?) are to be seen. They are most
visible in one of the large arteries, which are very numerous
in the basal cerebral ganglia. In the arteries of the convexity
of the brain the membrane is extremely delicate, and disap-
pears usually as the calibre of the arterioles diminishes. One
of the important layers outside the membrana fenestrata,
which Deecke (loc. cit.) described as a "tendon-like mem-

1 " The Structure of tho Vowels of the Nervous Centres in Health, and their
ChfingeB in Disease; " ' American Journal of Insanity,' 1877-81.
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brane," I have failed to discover,—at least in the smaller
arteries.

(o.) Tunica mwoviaris (Fig. 1, o) consists of spindle-shaped
smooth muscle-fibres, which encircle the inner layers of the
blood-vessel. The sharply notched edge of the vessel gives a
clear representation of the individual musole-fibres, the long
oval nuclei of which are distinctly seen after staining with
carmine; they are all arranged transversely, and cross the
corresponding nuclei of the endothelium. On the larger
arte"ries!- are many layers of muscular tissue, placed one over
the other, and these determine the thickness of the vessel-wall.
The finer arteries possess only a simple layer of muscle-fibres,
and moreover their form alters with the diminishing size of
the arteries, in such a way that the fibres (and also their
nuclei) become shorter, and at the same time broader.

Deecke describes, outside the tunica muscularis, a layer
" formed by separate large bundles of elastic fibres." I had
already seen these fibres, and have described them in my
treatise above quoted. I have explained these, as folds of
the next layer, viz. the adventitia. I confess that I have
frequently entertained doubts as to the accuracy of my
view, without on the other hand being able entirely to
accept that of Deecke; this, however, I should by no means
oppose, that these questionable fibres are found exclusively in
the large arteries, and are not present in the smaller ones,
a point which Deecke does not mention.

(d.) The adventitia (the adventitial lymph-sheath, Fig. l,d).
This is a delicate connective-tissue membrane, which, ex-
tending very much further than the tunica muscularis, is
not attached to it, so that between the two coats there is
a freely communicating space. The adventitia contains
round or oval nuclei, which frequently have a little proto-
plasm around them, and in appearance they resemble con-
nective-tissue nuclei Situated on the adventitia are more
or less pigment granules, fat-globules, and fat-granule cells ;
about these normal appearances I shall soon have to speak
further. Concerning the presence of endothelial cells on the
adventitia I am not more certain than is Deecke ; on the other
hand, I niUBt endorse the opinion of thin author concerning
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the character of the adventitia, that it is a perfectly indepen-
dent sheath.

In cut sections, particularly from the brains of animals,
we ' see sometimes yery clearly, as if. appearing from the
adventitia, stiff, long-drawn-out processes, which project into
the brain-eubstance, and end in the connective-tissue cells,
n fresh-teased preparations there is nothing to be seen of these

numerous processes; I must confess that it does not seem to
me quite clear how, in preparations made as delicately as
possible, all these fibres, or the greatest part, can be torn
away from the adventitia.

For the most part, I incline to the opinion that, outside the
adventitia, a delicate connective-tissue membrane exists, some-
what like an inner coating to the canal in which the vessel
courses-.1 This outer sheath of the vessel, derived from the
pia mater, is so intimately connected by the numerous above-
mentioned processes with the connective tissue present in the
interior of the brain-substance, that, even with the most
delicate manipulation, this membrane remains behind, while
the whole vessel with its adventitia is detached. In a
hardened preparation the outer sheath is so closely applied to
the adventitia, and this is so crumpled up with the inner
vessel-coats, tl^at it can no longer be recognised as an indepen-
dent membrane.

I scarcely need affirm, tha^ the adventitial vessel-sheath
is in no way intimately fused with the brain-substance which
forms the ultimate external sheath; there remains a space
between the two, which frequently appears to be com-
pletely reduced to a minimum. We have outside, as well
as inside, the adventitia a space where fluid can circulate.;
under normal conditions we cannot speak of any fluid,
besides the animal juices, which are set apart to bring
about the change of matter between the blood and the tissue
of the organ; we can designate this juice shortly as " lymph,"
and from this we can speak of two different lymph-
spaces, one between the tunica muscularis and adventitia
(adventitial lymph space, Virchow, Bobin), while the other is
outside the adventitia (perivascular lymph-space, His). In

1 Compare Adlor, ' Archiv far Psychiatrie,' 5 B.
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both named lymph-spa«es, under' certain conditions, we find,
more or less, numerous lymphoid corpuscles; but whether they
are, as Deecke thinks, only wandering white blood-corpuscles,
it is not easy to decide.

I should like to remark, with regard to the perivascular
lymph-space, that it should be looked upon as a cavity
between the tissues, and that it communicates with numerous
other cavities, which serve to bring about the circulation of the
nutrient fluid to the tissue elements. I have shown1 that the
ganglion <jells of the grey substance are situated in a hollow
space, " pericellular lymph-space," which under certain condi-
tions may be very small, but it is always present—small
though it be—between the protoplasm of the nerve-cells and
the neuroglia. These pericellular spaces are in communica-
tion with the perivascular spaces, and are certainly just as
little an artificial product as the latter. The proofs of this
can be found in both my above-quoted works, as well as in
another essay.a

2. Structure of the veins.—In the intracerebral veins 1
can distinguish only three layers.

(a.) The endothelium is much more irregular than that of
the arteries, the cell-nuclei are for the most part rounder, not
so elongated and less symmetrical, and are Bituated in a
position corresponding to the longitudinal direction of the
vessel.

(b.) For the middle eoat, we must take that tissue which
forms the principal part of the wall of the vein; it consists of
connective tissue with scattered round nuclei, and only a few
irregularly arranged muscular fibres.

(o.) The adventitial lymph-sheath corresponds with the de-
scription of the arteries given above, with a single difference,
about which I will speak later.

I may mention that Deecke gives a description of the struc-
ture of the cerebral veins, differing from mine in many points.

3. Structure of the capillaries.—In these, not more than two
layers can be seen.

1 'Ueber einige Lymphraume im Gehirne,' Sitmngsber. dep K. Atad. der
Wiesonsoh. IU Wien. 61 B.

• ' Ueber Ektasien der Lymphgcfasse des Qehirns,' Virchow'a ' Archiv,' 55 B.
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The capillary tube proper is formed from a continuation of
the arterial and venous endothelial membranes, which have
been divested of their outer coats, only the adventitial sheath
being visible in many places; I hold the opinion that the
adventitia forms round the arteries and veins, as well as all
the intracerebral capillary system, an uninterrupted sheath;
only over the capillaries this is finer and narrower, JBO that it
often escapes observation.

Further peculiarities of the structure of ike adventitial sheath
of the brain-vessels.

I have mentioned earlier, that in the adventitia pigment
and fat are found; on this point I must make some further
observations.

When we look at the central nervous system of new-born
children, we find numerous fat-granule cells; it is highly
manifest that these play a considerable part in the develop-
ment of the medullated fibres; they convey the material for
the formation of the medullated sheath, just as, by morbid
dissolution of the medullated fibres, the fat-grariule cells again
appear, and take up matter they come in contact with and
remove it.

Similar fat-granule cells are found again in the new-born
child, in the midst of the whole nervous system, and not a
few are firmly attached outside the adventitia of the vessels;
the flow of lymph is quite incompetent to tear them away,
and so they remain like "stranded waifs," when all the
other fat-granules have disappeared from the central nervous
system, the development of the medullated fibres being
completed.

If we now examine some of the vessels (artery or vein) from
the brain of a child.under two years old, we shall find, perhaps
not on every vessel, still very frequently, these already-
described fat-granules, which under a low magnifying power
stand out very clearly as dark specks. We shall certainly

. findj after a short search, in every child's brain such vessels
with fat-granules on the adventitia.

We will now examine an adult brain. On the adventitia
of the veins fat is constantly found; I have found it without



IN HEALTH AND DISEASE. 297

exception in every brain. At the least, we find in places
single drops of fat, but nearly always evident fat-granule
cells. The latter is present in great number, and give to
the vessel a peculiar spotted appearance; not uncommonly
the fat-granules form so numerous patches, that they surround
the vessel for a larger or shorter piece with a perfect ring of
fat (compare Fig. 2); this can be observed best in the smaller
veins; but in the capillary vessels themselves fat-granules
are by no means rare; their. presence is a further proof
that the capillaries possess their own lymph-sheath. I must
here emphasise that these granule cells of the adventitia
are situated always on the outside, accordingly they form a
corresponding projection, as we see plainly in Fig. 2.

It may be interesting to note, that I have also found a
considerable amount of fat in the cerebral veins of very
emaciated subjects.

From the circumstances that these fat-granule cells are
found in the adventitia of the cerebral veins in the new-born con-
dition as well as in old age, and are seen in variable quantities
after deaths from different causes (even after sudden and most
violent death), I am justified in stating that the collection
of fat on the adventitia of the cerebral veins, even when very
abundant, is usually not to be considered a pathological
occurrence; we see in these drops of fat and fat-granules (at
least most of them) the remains of the period of embryonal
development

In case the. fat-granules should be found in pathological
changes of the central nervous system (as softening of the
brain, &c), they will be seen in great quantities on the vessels,
vein and arteries. So, for example, we frequently observe in
the spinal cord with degeneration of the posterior columns,
even with the naked eye, the vessels which pass into the
posterior commissure with their lateral branches presenting a
thick white appearance. In such a case, where the surrounding
nerve-tissue is diseased, the fat-granule cells on the adventitia
are self-evident, as the expression of a pathological process,
which attacks the vessels only secondarily.

In yet another way fat-globules can make their appearance
on the adventitia (veins or arteries). It appears then on the
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inner side of the adventitia, which is clouded by a fine
precipitate of very small drops of fat. This occurrence is
rather rare, and appears to me to be the outcome of a morbid
disturbance of nutrition.

We have spoken hitherto chiefly about the veins. When
we prepare an artery from an adult brain, we find frequently,
but not invariably, fat as in the adventitia of veins. On the
other hand, the presence of pigment is constantly observed.
This pigment, consisting of smaller or larger round globules,
varying from light yellow to light brown, is found on the
outer surface of the adventitia; frequently several of these
granules are united with others to form aggregations (Fig. 1, e).
In young children of two, three, or more years old, this pig-
ment is very light yellow, or almost colourless, and shows all
transitions up to the colourless fat-globules, mixed with which
the pigment-granules are frequently found. This pigment
hardly changes colour at all under the action of acids and
alkalies ; with osmic acid it takes a deeper colour and assumes
rather a greyish tint; this reaction is more marked, the
brighter the pigment has been before.

In my work on the cerebral vessels I have given a tabulated
description of the condition of these vessels in ninety-ono
brains, and, with the exception of children under two years of
age, I have never found pigment absent from the adventitia
of the arteries. The relative quantity of pigment is such, that
it can vary within certain limits, but it is perfectly inde-
pendent of the causes of death, and cannot be referred to any
morbid change in the individual in question.

I must particularise this point, for this pigment is always
erroneously regarded as the effect of severe congestion of the
brain, or even of actual haemorrhage; it is confounded with
the colouring matter of blood, which may also be found here,
and I shall soon have much to say on this subject

The question now arises, whence comes this pigment, which
is found quite normally in the arterial adventitia of every
brain, with the exception of young children ?

I hold the opinion that this pigment arises from those fat-
globules, which in early life are left behind on the adventitia
of the cerebral vessels. Perhaps it represents a higher stage



IN HEALTH AND DISEASE. 299

of oxidation of this fat, and arises by some change of tissue,
through combustion of the fat

Therefore we can speak of the following conditions:—
1. In very young subjects a very bright pigment is found,

which resembles fat-granules in form and colour, and shows a
stage of transition to the darker granules.

2. We often see on the arteries considerable collections,
where fat and pigment are mixed together; also we nearly
always find, in the same place, all the transitions from colour-
less fat-globules to yellow-brown granules.

3. The dark colour produced in the light-tinted pigment
granules by the action of osmic acid, reminds us of the dark
grey colour which fat receives from this reagent

4. This pigment is also found on the veins; its proper
situation, however, is on the adventitia of the arteries; in the
arteries circulates blood rich in oxygen, here a more active
change of tissue prevails, and on that account the change from
fat into pigment has its seat here.

I must here add, to prevent misunderstanding, that I do not
consider that the collections of fat found in the infantile brain
must still be met with in the adult brain, as fat or pigment;
a great part is perhaps absorbed in the mean time.

I will now take the opportunity of mentioning, yet another
condition under which pigment may be found on the ad-
ventitia of the brain-vessels. True pigment cells are very
frequently found on the delicate membranes of the brain
(viz. on the medulla oblongata and base of brain). These
cells are longish, for the most part with many thick processes,
and with a nucleus which generally stands out bright in the
midst of the finely granulated dark-brown pigment. This
pigment is also seen on the larger vessels which pass into the
base of the brain, they are merely introduced from the
meninges. Not the least pathological significance can be
attached to them.

Forma of pathological pigment on the cerebral vessels.

We have just seen that pigment is normally found on the
brain-vessels under two forms.

VOL. vn. x
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There are deposits of pigment which can only be regarded
as pathological, and particularly

1. Blood-colouring matter, Hsematoidin.—This ia seen as
diffuse colouring matter of round granulated cells (fat-granule
cells, or lymph-corpuscles), or in the form of larger or smaller
red-brown bright granules; not uncommonly we find hrenia-
toidin crystals in the shape of rhombic columns. Such
crystals or amorphous granules are frequently seen in the
interior of the fat-granule cells. In isolated vessels we
find the blood-colouring matter either applied to the ad-
ventitia or situated in its lymph-spaces; in cut sections we
see that also the surrounding nerve tissue is nearly always
richly pervaded with this pigment, namely with cells con-
taining pigment. The presence of a large quantity of this
pigment is always a sign that, in this place, an exsudation
of blood has occurred.

The formation of hsematoidin crystals as well as the diffuse
yellow-coloured cells is easily recognisable; on the contrary,
the granule-forms cannot be distinguished from normal
pigment without farther investigation. We possess a reaction
which permits us, even after hardening in the chromate salts, to
make out this difference without a doubt. The blood-colouring
matter, under the influence of concentrated sulphuric ivoul,
passes through a series of colours, viz. green, blue, and violet,
and is finally discharged. Normal pigment hardly changes at
all when thus treated.

2. Malarial Pigment.—In people who have suffered from
attacks of intermittent fever the brain shows an almost dark
grey colour, which is easily recognisable. This colour
proceeds from a dark, nearly black colouring-matter; it re-
presents granules which vary from the smallest dimensions to
the size of a red blood-corpuscle.

Next we find these dark granules only in the blood, partly
free in the plasma, partly in the interior of the blood-
corpuscles. A considerable part of these pigment-granules
can pass from the blood into the walls of the vessels, and fix
themselves there; on the other hand, we do not find this
intermittent pigment in the rest of the central nervous tissues.

Larger aggregations of this pigment can easily block one
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of the smallest vessels (pigment-emboli), whereby a rupture
of the wall of tho vessels ensues, and a small hremorrhage
occurs. This pigment is easily recognised by its dark colour,
by its capability of resisting very different reagents, and above
all by its presence in the blood itself.

We have therefore learnt to distinguish two kinds of
normal and two kinds of pathological pigment on the vessels ;
I will presently bring forward an artificial pigment which has
only had a short duration of existence. Erlitzky recommends
as a hardenuig fluid a solution of bichromate of potash with
sulphate of copper; this mixture found favour very quickly;
and Erlitzky soon after described a spinal cord, which was
hardened in his fluid, and pretends to huve shown a very
remarkable pigmentation (viz. in the vessels). I had originally
a very doubtful opinion of this pigment,1 but as a short time
ago I saw a preparation of this kind, and have myself made
observations with hardening in this fluid, I cannot have the
least doubt about it that it is a precipitate, artificially caused
by the hardening fluid. Since then, this appearance has been
mentioned by others (W. v. Tschisch).

I take this opportunity of giving an example, how different
artificial productions can be raised to the dignity of patho-
logical formations, and J am justified in taking this example
because Erlitzley's fluid appears to be generally used, and I
would give a warning against further errors which might be
produced by the action of this fluid.

Some histological changes of the brain-vessels, which occur
under normal conditions.

After examining numerous cerebral vessels, I am convinced
that there are in them a number of histological abnormalities,
which, although they are considered to be pathological, are
still met with in brains which, being in all other respects both
anatomically and functionally healthy, must be considered
quite normal. I will further add, that the changes presently
to be described in the vessels need not produce any damaging
influence, nor do they bring about in the living state any

1 Compare ' Centmlblntt filr Norvenheilk.' 1881, pp. 899-407.
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disturbance of function, or in the dead subject any anatomical
lesion which can be connected with them.

This point is of great importance, from the fact that we
should be forewarned of any judgment we may make from
what we find by the microscope; we should not therefore,
without further investigation, draw any conclusions from the
presence of such vessels of any disturbance in the function of
the brain.

1. Deposit of calcareous matter on the vessels.—Calcareous
deposit (especially as carbonate of lime) can take place
on the adventitia, as well as on the tunica muscularis.

In normal brains we do not often find chalk on the adventitia.
If the calcareous deposit starts from the adventitia, it seldom
remains limited to this membrane, generally the muscularis
will be involved in the morbid change; but on the other hand
the calcareous deposit can grow from the outside, as roundish
or club-shaped chalk masses, which may attain a considerable
size.

On the muscular coat I have frequently found chalk in
perfectly healthy young subjects (viz. in girls 8 and 19 years
old).

At first we see masses surrounding the muscular coat, with
a peculiar slightly shining appearance; in further stages
the whole muscular coat of an artery is changed through a
longer portion of its course into a stiff finely granulated tube
(Fig. 3). Even by macroscopical examination such a vessel can
be seen by its white colour and needle-like rigidity. On
moving it with a needle, the resistance is easily felt Under
the microscope we can recognise places where the calcareous
cylinder is broken during preparation, and it shows cracks
like broken glass. We are concerned here for the most part
with carbonate of lime, and we can use in addition the
reaction with sulphurio acid to make the diagnosis certain.
By the reaction of this acid, bubbles of carbonic acid are
formed, and fine needle-shaped crystals of calcic sulphate.

If the calcification is further advanced, we see the whole
capillary network presenting a streaked appearance and
changed into fine calcareous tubes. In the cerebellum, and
especially in the granule layer of its cortex, such diffuse
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calcification can be repeatedly found, but it is not easy to say
with certainty whether the adventitia or the muscular coat is
the commencing point of the process.

We must suppose, d priori, that a calcification of the
muscular coat will not only damage the nutrition of the brain,
but, owing to the brittle condition of the vessels, will lead to
further danger.

On the other hand I can state from experience, that with
the exception of the higher stages of disease, such calcification,
as has been mentioned, occurs very frequently under normal
conditions; but hitherto, contrary to my expectations, I have
not found any calcification of the muscular coat in cerebral
hemorrhage.

Calcification of the tunica media, if not very much advanced,
has hardly any pathological significance.

2. Fatty degeneration of the muscular coat.—In preparations
such arteries appear to the naked eye of an. opaque yellow-
white colour, without that rigidity which is found with calci-
fication. Under the microscope we see the muscular layer filled
with very small point-like fat-granules, and we can only here
and there stain the muscle-nuclei slightly with carmine. Such
a vessel shows under the microscope great similarity with a
calcified one ; except that the fatty muscular sheath is more
yellow in colour, and never shows the fissures and cracks charac-
teristic of the calcification; lastly, the sulphurio acid reaction
is absent This degeneration of the muscular coat we must
also consider as a process which leads to serious functional
impairment of a very important arterial covering.

In spite of this, I have met with this fatty change in healthy
as often as in diseased brains, in old as well as in young
subjects, and in those who have succumbed to acute as well as
chronic diseases.

We cannot therefore attach great pathological meaning
to this fatty change of the muscular coat.

3. Connective tissue degeneration of the vessels.—In arteries
as well as in veins (the latter more frequently) an over-
growth of connective tissue proceeding from the middle
coat (tunica media) of the artery takes place. The lumen
of the tube is at first unaffected, while the circumference
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of the vessels increases; thereby also the adventitia may
remain intact So we find pretty frequently spindle-shaped
swellings of this nature on the little arteries or veina
It seems to me almost certain, that these enlargements of
the vessels oan usually be referred to the peculiar conditions
of the blood-pressure which prevails at those places where
a sudden change occurs in the calibre of the vessels; on
this account they are not found so often at those places
where the vessel divides dichotomously, but usually where
the smallest vessels branch off immediately from relatively
large trunks. A favourite place for finding the degenerated
vessels is the highest layers of the cerebral cortex. Nedsen
has shown,* that at this place these changed vessels are to be
found in most brains, and I have also had the opportunity of
convincing myself of this disoovery.

Commonly we find, near the above-mentioned places,
vessels in which the degeneration has made further pro-
gress. The connective-tissue overgrowth reaches at last the
periphery of the vessel-lumen, the vessel is obliterated and
continues its course as a cord of fibrous tissue. I have very
frequently met with such vessels in perfectly healthy brains,
even in children eight years old, but I must add, that this
degeneration-process occurs much oftener and in a more
marked degree in the vessels of old age (over sixty years),
when once atrophy of the brain has commenced.

Although the blocking of the vessels caused by the fibrous
overgrowth occurs gradually, it appears wonderful that a
process by which individual regions—small though they be—
of the brain are robbed of their nutritive arteries can be
referred to a normal occurrence, and produce no known
disturbance.

But on this point I should express myself with more caution.
There are many obscure transitions in the domain of our
cerebral life, some or other of which may perhaps be explained
by local disturbances of nutrition, which comes about through
such a blocking of vessels.

Deecke (loc cit.) has confirmed the frequency of this change,
for which he has used the expression "callous degeneration,"

1 ' Arohiy f. Heilk.' xviL, B.
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and calls it a process situated " at the border of physiological
and pathological conditions."

4. Dilatation of the adventitial lymph-sheath.—Chiefly on
arteries we occasionally see in places the adventitia, bulging
like a blown-out bag, and separated some distance from
the vesseL Such partial dilatations are seen in small as
well as in large arteri$s. Fat-granule cells and pigment
granules are often collected on such sacs.

Since such dilatations are often found in healthy brains,
they must be considered as normal conditions.

If these bulgings of the lymph-sheath become very con-
siderable and extending over numerous vessels, they must
then be considered pathological.

More extended dilatations of the adventitia lead to the for-
mation of cysts, which are visible to the naked eye. I have
described the appearance of such cysts on the Pons Varolii,
and they may be considered as cysts due to retention of fluid;
the adventitial lymph-chamber is blocked by elements which
have arrived in" the lymph stream; whereby a stoppage of
this lymph stream is produced, and hence the space becomes
distended.

If the distension of the adventitia is diffused over many
vessels an"d through a considerable tract of their course, the
brain acquires, on cross-section visible to the naked eye, a pecu-
liar sieve-like appearance studded with holes, a condition called
" e"tat cribleV' This " 6tat crible" " can arise through the en-
largement of the perivascular lymph-spaces, as for instance
through atrophic shrinking of the brain-substance; in this
condition the adventitia, as weH as the other coats of the
vessels, remains unaltered.

The " etat cribl6 " is chiefly confined to the white substance,
whilst the cyst-formations as described above are only found
in the grey matter.

Some important changes in the vessels which are decidedly
patliological.

In the literature of this subject there are a very great
many pathological changes of the brain-veasels which are
certainly of very great interest.
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I will, however, in the following pages only mention a few
morbid appearances which seem to me of very great im-
portance, purposely omitting the rarer points.

1. The atheromatous fatty degeneration of the intima.—This
morbid process becomes evident by the presence of larger or
smaller dark spots on the inside of the vessel (Fig. 5). Out-
side these spots we can readily recognise the healthy muscular
layer; by pressure on the cover-glass it not unfrequently
happens that these atheromatous masses are set free, float
along further with the contents of the vessels, and finally
become fixed on a narrow part of them.

We can also follow the formation of emboli in a small
vessel from the point where it is liberated from the intima to
where it blocks up a small branch.

By a higher magnifying power we see that these above-
described deposits in the intima consist of a granulated
amorphous mass, generally with very numerous fat-granules.

In nearly all cases of cerebral haemorrhage I have been
able to find this change in the intima, and this is particularly
evident in the neighbourhood of the haemorrhagic focus.
I have not the least doubt that a great many of these
cerebral haemorrhages can be referred to this morbid
change in the vessels, and especially that these atheromatous
masses are torn from the intima to form emboli in the smaller
branches.

We can also find this degeneration of the intima without
any cerebral haemorrhage, but this proves nothing against my
view, as the atheromatous disease of the vessel must first be
present, and then follows the embolism and haemorrhage. I
should therefore like to define the fatty-atheromatous de-
generation in the intima as one of the most serious diseases of
the smaller brain-vessels.

2. The paralytic dilatation of tlie small brain-arteries.—I
have frequently found in brains, in chronic mental diseases,
numerous arteries changed in the manner shown in. Fig. 4.
The muscular coat does not show a tube of even calibre,
as it normally should, but it presents a succession of ir-
regular, but not excessive, dilatations and constrictions; no
other morbid changes can be recognised on the muscle-fibres,
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even by using stronger magnifying powers. Most frequently
I have found this condition of the arteries in cases of general
paralysis. Later on, a chronic disturbance of the innervation
of the brain-vessels may with great certainty be assumed to
be caused by this disease, and I explain the above-described
appearance as follows : that a partial paresis of the individual
groups of the muscle-fibres in the tunica muscularis, or at
least a diminution of the muscle-tonus, which after some time
is produced, gives rise to these diffused enlargements of the
vessels, which become permanent, and can be discovered after
death. In the absence of any disease which can by other
means be recognised, it seems to me that this explanation
corresponds best to the conditions found.

This partial enlargement of the small arteries would
therefore be considered as a sign of a chronic vaso-motor
paralysis.

3. Abnormal products contained in the lymph-space.—Under
normal conditions we find only a few formed elements in the
adventitial lymph-space. We see single lymph-corpuscles,
less frequently fat-granules, pigment granules, and rather
large vesicular cells, which must be looked upon as meta-
morphosed lymph-corpuscles; exceptionally we chance to see a
red blood-corpuscle. If the cover-glass be pressed upon, the
above elements found between the muscular and adventitial
coats float further on.

If we find numerous red blood-corpuscles in the adventitial
lymph-space, their presence there is exceptionally due to
diapedesis; more commonly it happens that a rupture has
occurred in the inner coats of the vessel, and we have to do
with a dissecting aneurism.

Very often we find an increase in the lymph-corpuscles in
the adventitial lymph-space, their quantity can be so consider-
able that the muscular coat is so covered up with many layers
of these elements as scarcely to be recognised. I consider that
this increase of the lymph-corpuscles (improperly called
" nuclei-growths ") is to be referred to an emigration of white
blood-corpuscles; we find it in different hypersemic and in-
flammatory conditions of the brain. Also on the brain-vessels
of general paralysis cases this increase is very frequent, as I
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have shown j 1 and just at this place the tendency to migration
of the lymphoid elements is very remarkable.

Hitherto Ihave considered only the pathological increase of
these elements, an occurrence which can also take place nor-
mally in the adventitial lymph-space; but we find there some-
times many kinds of pathological products, the presence of
which shows a morbid condition. In purulent meningitis we
can generally trace the pus-corpuscles along the vessel-sheath
some distance into the interior of the brain; whether these
corpuscles have had their origin on the spot, or have merely
migrated out of the pia, it is frequently difficult or quite
impossible to decide.

From a special pathological point of view, it seems to me
that different kinds of neopla3tic elements can be found in the
adventitial lymph-space; I have seen there, cells of tuber-
cular, sarcomatous, cancerous and syphilitic new growths.
Such cells can be found easiest in the neighbourhood of a
corresponding tumour. We may therefore conclude that the
lymph-tracta of the brain afford a very convenient path for
diffusing the various new growths, and the increase of a tumour
often occurs through the intervention of this lymph-tract. In
inflammatory processes, especially in the spinal cord, and also
in lyssa, I have found round the arteries, in the adventitial
and perivascular lymph-spaces, a peculiar regular-shaped
substance without any recognisable structure, but colouring
strongly with carmine. I believe that we must recognise in
this substance the coagulation-product of a transudation
proceeding from the blood.

I pass over a great number of changes of a different sort,
which are to be found on the smaller brain-vessels.

The task which I have set myself to do has not consisted
in giving a complete enumeration of all the diseases of the
brain-vessels. I wish above all things to point out that much,,
which has passed current with us as morbid, is still within the
confines of a normal state; with this I have thought it desir-
able to associate the discussion of some purely pathological

1 ' Zur pathologischcn Anatomie der Domontiti Poralytioa,' Virohow'a
' Archiv,' 52 B.
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conditions, which seemed to me of great importance from a
scientific point of view.

EXPLANATION OF THE PLATE.

1. A small artory of tho braiu, torn in suoh a uiaunor that tho individual
layors are visible.

o. Endotholial membrane
6. Fonestrated membrane.
c. BIuBcular coat.
d. Adventitial lymph-sheath.
e. Little collections of pigment.
2. A normal artery, with fat-granule cells on tho advuutitia; these form iu

patches a perfect ring round the lateral twigs.
S. An artory in which the inuscular cont is perfectly calcified, at the lower

end of the chief branch tho calcified tube becomes fraotured.
4. Au artery from the brain of a patient who died from gener.tl pamlysis

of tho insane; we see, scattered about, littlo enlargements caused by tho
paralysis of the muscular coat.

5. An artory from tho neighbourhood of an apoplectic focus; tho intima 1ms
fatty-atheromatous degeneration, while tho muscular and adventitial coats are
intact.

(Translatedfrom orujinal manutcript by 0. E. BEEVOR, M.D.)


